Abstract: This paper will make two distinct contributions. First it will give some reflections on the practice of using student projects, both undergraduate and MSc, for developing teaching resources. Of particular interest is the both the utility of the resources and also the learning experience for the project student. The second contribution focuses specifically on a recent student project developing web accessible laboratories, both virtual and remote. There is some discussion of the pedagogy behind the laboratories and also detailed software specifications and reflections on how the laboratories in Sheffield are constructed. Finally, there is some discussion of how to log student participation which we believe is little discussed in the literature.
INTRODUCTION

Remote laboratories
Several studies have considered the efficacy of laboratories for enhancing student learning (Abdulwahed, 2010; RELOAD, 2010; Qiao et al., 2010; LILA, 2010; EDCOM, 2010; Lindsay and Good, 2005; Ma and Nickerson, 2006) . It is recognised that principally laboratories help students link their studies to real engineering and thus serve as some form of motivational tool, but in fact as a learning tool they can be relatively inefficient (Hofstein and Lunuetta, 2004) . Moreover, a key difficulty with laboratories is their poor accessibility. In typical universities the conflicting constraints of laboratory space, laboratory equipment and student timetables mean that students would not expect to do many supervised laboratories in any given year; twelve laboratory sessions per academic year (that is about once a fortnight) would not be considered unusual.
These observations lead to two obvious conclusions:
• If laboratories are expensive and inefficient either discard them or find a more cost effective and time efficient way of running them.
• If timetabling and space are key obstacles to facilitating practical experience, then solutions are needed.
One solution increasingly adopted in the University community is to make use of remote laboratories which are accessible via the web (Callaghan et al., 2008; Abdulwahed, 2010) . Remote laboratories may be either simulation based or based on real-time equipment. Simulations have the advantage of being available to numerous students simultaneously, with the limit being mainly an issue of licensing, and thus these can be used efficiently for preparation activities and, significantly, avoiding the requirement for students to have a personal copy of the relevant software. However, there is general consensus among academics and students that computer simulations should not be a full alternative to real experimentation (Engum et al., 2003; Magin and Kanapathipillai, 2000) . The latter obviously expose students to actual equipment but consequently there is still the implicit limitation of access to the dedicated hardware; one student at a time! Issues linked to queueing are not discussed here except to say our project targets systems with fast dynamics (in range 1-10 sec) and thus students need only short periods of access to acquire data.
Student projects
One of the most significant barriers to the development of laboratory activities is the paucity of staff time. Academic staff are put under ever increasing pressure to produce research papers and acquire research funding and this is in conflict with finding 'extra' time to enhance any teaching, as well of course as administrative duties. Pressure on university budgets also implies low technical support staff numbers and thus they are equally pressured just to maintain the status quo with little space for development.
Consequently the principle author has used student projects (both undergraduate and MSc) to carry out preliminary studies and bring potential developments to a stage where technical staff can implement more efficiently. Such projects are very popular with students, perhaps for two main reasons: (i) they involve laboratory activity which is in stark contrast to many projects which are theoretical and/or simulation based; (ii) the student has the potential to create more than 'shelfware' because, if they build something useful, there is a strong likelihood it will be further developed.
The downside to using student projects is that students are variable in ability and motivation, moreover staff may have no say in which project students they get where a neutral staff member does the allocation balancing student preferences with staff loading. Consequently, your project student on your exciting development project may be struggling to get a bare pass degree and achieve little. In the author's experience, you must run the projects primarily to have learning benefit for the student, but the laws of statistics suggest that out of every four projects, you will expect to get one that delivers something useful.
Summary of paper contribution
First the paper focuses briefly on examples of where student projects were effective in delivering useful resources, but this is counterbalanced by some comparison with the total number of similar projects that produced little. Section 3 then focuses more explicitly on the example of remote laboratories and how student project work has been effective in bringing this project forward and then gives a description of the end-product, that is the weblaboratory set up. Section 4 considers how to link remote laboratories into a database and finally the paper finishes with some brief illustrations of the remote laboratories, conclusions and ongoing work.
EXPERIENCES OF STUDENT PROJECTS SUPPORTING DEVELOPMENT
Over several years, the principle author has offered many student projects which link into departmental learning and teaching development objectives. Usually the aims are left somewhat open-ended so that students can negotiate the objectives to their own interests and needs and embed some research. This means that staff cannot set up a development project and treat the student as a worker and thus have less control over the final product. However, many students are motivated to tackle departmental needs directly as this gives more long term worth to their work.
Successful projects
Success is defined here in terms of the end product having usefulness to the department as opposed to the student experience and development.
Example 1: The department wanted several challenging apparatus for open-ended control laboratories in year 2 where students had limited direction and reported on what they achieved using supporting theory from the lecture courses. However, there was limited apparatus available and due to the expense of purchasing more equipment we considered in house development of some rotary inverted pendulums and self balancing robots. Two separate technicians were keen to support these and thus the design and build of these were set up as a student projects, and indeed several projects since then. For the rotary inverted pendulum, the first student (and technician) produced a working rig which was subsequently improved. However, contrary to original expectations, this has found more use as a demonstration model for visitors (e.g. what is control, why is it useful?) rather than in teaching. Moreover, while the first project was successful, the following 3-4 students did very little development of long term use. The self balancing robot project was less successful in terms of delivering a product. Although the students learnt a lot and enjoyed themselves, the two prototypes produced so far are still some way off being useable.
Example 2: An obvious example of a challenging student project is remote laboratories. It was clear several years ago (Qiao et al., 2010; Abdulwahed, 2010 ) that this was a developing theme and something the author's department should consider. However, early student projects made little progress due to hurdles linked to remote activation of equipment; one project summarised neatly by saying such a project would be more practical with appropriate use of modern software and should not be coded in house. The suggestion was that software such as LAB-VIEW facilitated some of the harder computing aspects of remote activation so that the designer could focus on pedagogy. Consequently, the authors' department ensured that LABVIEW was available before offering this project to further students. Subsequently the project has been taken up by three undergraduates, a visiting student and two MSc projects, all of whom have achieved some degree of success in producing working laboratories, but notably, only one of these is at a level that can be implemented easily, that is, more efficiently than starting from nothing. This work is detailed in the next section.
Less successful projects
Example 3: There is a growing awareness of the utility of animations (Porter, 2009; Foss et al., 2006; Khan and Vlacic, 2006) . A possible student project is to engage students in understanding pedagogy and their peers and hence to develop and evaluate learning and teaching resources, such as animations, that would support more effective learning (this also helps them better understand topics within their programme or even to develop new knowledge.) However, the authors' experience is that the students do not usually produce useful resources, although of course they learn a lot themselves.
Example 4: Some students have clear ideas of their own. Thus one of the best projects was by a student who wished to develop a test bed for a differential clutch in order to assess different control strategies. The 4 wheel drive vehicle and associated hardware that was produced were excellent and used by the department as an exemplar of student work; the student was also a finalist in the annual (SETAWARD, 2010) . However, subsequent students working on this project largely failed to make any significant progress and thus the apparatus is under-utilised; perhaps this is because later students did not create the original vision and thus had less motivation or inspiration.
Summary
Students enjoy projects linked to learning and teaching and most demonstrate good initiative. However, it is relatively uncommon for their results form the basis of an effective learning resource; in the authors' department most 'successful' products have achieved the limited use of becoming demonstrations for visitors and being available for future project students to work on. Staff need to accept that the project is for students' benefit (they are not employees) and so any useful outcomes are more by chance than design. Nevertheless, occasionally an enthusiastic and motivated student will produce a resource of real value and thus of benefit to both their institution and potentially the community at large. Consequently, encouraging students to take on such projects is worth the effort.
REMOTE OR WEB ACCESSIBLE LABORATORIES
The reminder of this paper focuses on the design of web-accessible laboratories, developments which have been driven almost solely through student project work. The main contributions of this paper are twofold: (i) to describe and motivate the implementation at Sheffield and (ii) to show what can by achieved by student projects when given appropriate encouragement.
Student motivation and achievement
Students must take the lead in their projects as initiative, independence and project planning are key learning outcomes for accreditation. For ambitious students, this is an opportunity to prove themselves and take forward their own ideas; moreover the highest project marks are reserved for those students who are largely independent.
In the case of the remote laboratories project, one student took this opportunity enthusiastically and is a co-author on this paper. He created challenging objectives which also produced useful outcomes for the department. As evidence of the department's satisfaction, he has been subsequently employed on a short-term consultancy basis to implement actual laboratories for the incoming cohort.
Background review on remote laboratories
Web accessible laboratories have been developed in a number of universities and it is perhaps striking that there is such variety in the interfaces and hardware/software designs. The idea of implementing labs through the Internet for educational purposes can be traced back to the early 1990s (Aburdene et al., 1991) . A remote control system operated robots distributed at four universities and NASA in the US. Since then, the number of Internet-based laboratories has rapidly increased year by year.
Researchers at Glamorgan (Qiao et al., 2010) have an extensive suite of activities and have focussed on including students at a fundamental level. Students need to design control strategies within simulink and then through a series of carefully managed steps, implement on real equipment. The design allows more flexibility to the student but conversely demands much more of them and thus may not extend well to year 1,2 classes of 200+ where there is little chance of personal assistance to rectify difficulties. Researchers at Cambridge and Loughborough (Abdulwahed, 2010) considered laboratories linked to chemical (or process) engineering. Remote labs in Loughborough University have been particularly used for demonstrating taught theoretical concepts in an authentic manner in the classroom. Exploiting such a blended (theory and experimentation) approach in the classroom has resulted in higher motivation and better conceptual understanding as reported by the students (Abdulwahed, 2010) . The one major disadvantage was the relatively slow time scales of the experiments and students need to prebook an access slot and thus student numbers are limited. This has also limited the scope for demonstration in the classroom.
The RELOAD project at Leeds RELOAD (2010) took a separate approach and deployed fast dynamic experiments (e.g. Position control for a dc servo and vibration of a cantilever) and thus enabled access by large classes as run times were typically 5-10 seconds. Much of the web software details are unavailable, but it is known that LABVIEW was used for managing the interface between the equipment and the webserver.
LABVIEW is frequently reported as a tool for implementing remote labs (Nagy and Agachi, 2004; Eckhoff et al., 2002; Callaghan et al., 2008) . Matlab/Simulink and realtime Linux (Garcia et al., 2002) Khan and Vlacic, 2006) . These do have the advantage of being available to larger numbers, and simultaneously, but are not a key discussion point for this paper which is more focussed on improving access to real equipment.
Why use LABVIEW?
The most precious departmental resource is staff time and the availability of affordable expertise to deliver small projects is minimal. Consequently requirements include: (i) it should be relatively easy to implement and maintain by technical staff; (ii) the interface with the students needs to be easy to use and understand (to minimise the staff support required); (iii) there should be robust (and efficient) ways of monitoring student engagement.
Research and discussions with other institutions indicated that a cost-effective, popular and robust solution for implementing laboratory applications was based around LAB-VIEW; it is superior to other programming tools because of its Internet connectivity tools, its support of a wide range of industrial hardware, its multi-platform support, its application building capability and for being commonly used in academia (Trevelyan, 2004) . It is straightforward to understand and maintain with easy to use interface design and integrated I/O facilities for linking up to equipment. It is recognized as a reliable industrial standard. Finally LABVIEW allows a systematic, in fact trivial, methodology for enabling remote access (a publish to web button). It is also notable that LABVIEW has a facility to allow easy integration with a database and thus will enable users to capture some aspects of student activity which can be useful for assessment.
Laboratory design: hardware and software
The development of a web accessible laboratory is surprisingly easy and will be summarised in the following steps.
(1) Connect up the hardware to the computer with a compatible I/O card. The authors found National Instruments cards easy to link into LABVIEW thus This compromises two linked parts: designing the Graphical User Interface (GUI) for the user and the LabVIEW programming to build the connection to the device. The GUI is achieved by graphical programming of the LabVIEW. The Front Panel window of the LabVIEW will be displayed to the user and it can be designed in a user friendly manner. The second part is achieved by implementing the LabVIEW Data Acquisition (DAQ) assistance. (3) Once the experiment is working in the situ, use the web publishing tool to generate a web link for the vi and publish this link in your website. It is important that the local computer is left turned on with the relevant vi active and of course accessible via web with the LabVIEW Server enabled. (4) Students using the weblink gain control of the experiment as if in situ and with the same interface. In case a second user is logged into the same virtual laboratory, the current active user will be notified about their remaining time before the session expires and access is granted to the next person in line. This task is simply achieved by setting up the LabVIEW server parameters or programmatically in the Lab-VIEW block diagram. (5) The remote computer needs to enable small applications, Vision Development Module Run Time Engine and LabVIEW 2009 Run Time Engine, for the interface window to display correctly. The Run Time Engine version should be compatible with the LabVIEW installed on the local machine. Within a managed system, this will need to be installed carefully.
Technical details: For this project, the author made use of the LabVIEW Measurement & Automation, Database Connectivity Toolkit, Internet Toolkit and LabVIEW Server. The interface with experimental hardware used National Instrument devices such as NI 9201 analogue input, NI 9263 analogue output, NI cDAQ 9178. The LabVIEW database connection uses a middle file (.udl) to locate the database file or detect the database connection setting. The location of the udl file can be specified in the Get UDL File Path.vi which is called as a sub-vi. An individual copy of the udl file should be saved for each database connection. In a more simple example, a .csv file format (excel file) can be used to store data. LabVIEW can read/write .csv files which can be helpful at integration of data and loading it from an excel file. Error handling is another important task which should be considered in all parts of the design. A handler should deal with the error. A LabVIEW simple error handler vi can be used to manage the errors. This vi can be called as a sub-vi in the main code. There are other virtual instruments which offer more options for managing the errors.
Experimental kit: Two different experimental rigs are currently being developed. The aim is to have different investigations that can be carried out on each rig so that different student cohorts could be using the same rig but in the context of different modules and learning objectives.
• The first is a DC Servo motor kit with analogue inputs and outputs. It consists of 5 different units in addition to nonlinearities and is suitable for topics such as 1st order modelling, position and speed control. Visually this is not impressive but the students can see the axle rotation and it is a good experiment for introductory topics.
• A second rig is on a larger scale and is more impressive to observe thus having a visual impact on students; it amounts to a cart on 2 metre long rails. The cart is moved by a motor. The experiment allows students to investigate 2nd order dynamics (e.g. damping topics), simple closed-loop feedback design, measurement techniques and uses (position and velocity available).
Laboratory design: pedagogy and learning outcomes
Our view here is closely linked to the Trilab concept Abdulwahed (2010) . There is a strong emphasis in the authors' department on encouraging students to get the maximum learning potential out of laboratory activities and this implies that students must think through the concepts, theory and experimental questions before interacting with the equipment. For the remote laboratories the intention is to have three levels of interaction: (i) Supporting documentation which students should read first.
(ii) Virtual laboratories should, as closely as possible, match the equipment. Students use the virtual laboratories to test their solutions and potentially to submit their intended 'design' for the equipment and (iii) Students gain access to the equipment once their work on the virtual laboratory is satisfactory. The intention is that designs on the virtual laboratory should give similar behaviour on the real equipment so that only fine tuning would be required. This also helps students further understand the role of mathematical simulation in practical design.
Incorporation of student database and record keeping
A more novel aspect of this project has been the focus on record keeping, that is, the desire to record student engagement with the virtual and remote laboratories. This section looks at how such record keeping can be done efficiently and effectively to support academic staff and the monitoring of learning outcomes. It is desirable to make a connection between LABVIEW and a database to save the results. Students can save their data and use it later on their reports as well as staff being able to check the database directly. LABVIEW Database Connectivity has been used to connect any field of the virtual laboratory to a database and save the student information (figure 1). A tab menu (figures 3,4) has been designed in which students can carry out the experiment and submit their results online when they are satisfied with the results.
ILLUSTRATIONS
For completeness, this section gives a quick summary of one of the introductory laboratories that is available. This laboratory is for 1st year 1st semester students and is based on a some DC servo equipment (figure 2). Access to the virtual laboratory is granted for students once an on-line registration process is completed.
This laboratory is designed to help student understand the basic concepts of 1st order modelling and responses through application to a DC Servo motor. The virtual laboratory includes 4 different parts, three experiments and a submission tab. In experiment one (figure 3), students modify the input voltage directly to estimate the steady state gain, positive dead-zone and negative deadzone of the DC servo motor. In experiment two, the time constant of the system is estimated using responses to a square wave input. For experiment 3, students use the results of experiments 1 and 2 to estimate the system 1st order model (or transfer function) and validate this by contrasting the theoretical behaviour with the observed behaviour. Finally, the Submit your results tab (figure 4) is used to submit the experiment results to a secure database. The vi will automatically pull in some data from the earlier tabs but requires student data in addition. Remark 1. With some minor software modifications (a different vi), the same equipment can be used for 2nd order modelling (overshoot, ...) or an introduction to feedback, using different vi's in different periods.
CONCLUSIONS
This paper has given a brief summary of motivations for involving students in meaningful learning and teaching projects and then discussed in detail the outcome of one student project linked to the development of remote laboratories. Some brief case studies have indicated that while student projects rarely deliver a product of direct value to a department, occasionally a highly motivated student will display great initiative and produce something excellent.
In the authors' case, this synergy has occurred with the remote laboratories project and of particular significance is that the students provided the base line labour and research to identify and resolve many important issues; something that full time staff did not have capacity to do.
Additionally, this paper has discussed how one can link up remote laboratories to a student database which enables robust and efficient record keeping of student interactions; such records could be used simply as a means of monitoring engagement but have equally large potential for automated assessment. In summary, database integration, queuing capability, automatic session time out, interactive interface between user and device, video streaming of the laboratory environment and finally online submission system are challenges accomplished in the virtual laboratories at department of ACSE in the university of Sheffield. 
